Study design: Retrospective study. Objectives: To determine the characteristics of sports-and recreation-related (SR-related) spinal cord injuries (SCIs) in Beijing. Setting: Beijing, China. Methods: A review of the complete medical records of 57 consecutive SR-related SCI patients referred to four general hospitals and two rehabilitation institutions was carried out. Patients were injured between 1993 and 2006. The variables studied included demography, sports and recreation characteristics, diagnoses and outcome. Results: There were 44 males and 13 females with a ratio of 3.3:1. The mean age was 24.49 ± 11.92 years. In 37 patients (64.9%), water sports was the single most commont cause. Of them, injury because of diving was seen in 34, which constituted 59.6% of the total. Other types of sports and recreation accounted for 35.1%. Level of cord lesion was cervical in 89.5% and thoracic in 10.5% of the injured. The lesion of C4 alone constituted 45.6% of the total. The ratio of complete to incomplete lesion was 1.2:1. In all, two patients died, and one with an injury at the C4 level recovered completely. Of the other 54 survivals, 48 (89%) remained tetraplegic and six remained paraplegic (11%). The main underlying cause was the lack of safety awareness, safety regulations and their implementation. Conclusion: SR-related SCI was most commonly seen among young male adults, predominantly as a result of diving accidents. There was a significant increase in sports injuries, other than those caused by diving, in later years. Successful prevention programs of other countries are being adopted in Beijing in recent years, hence an improvement in safety is expected in the years to come.
Introduction
Sports-and recreation-related (SR-related) spinal cord injuries (SCIs), although accounting for only a small percentage of all injuries in China, can have a devastating effect on the health and social well-being of the people involved. These injuries predominately occur in young adults, [1] [2] [3] [4] and contribute to a high incidence of long-term disability and high morbidity. [5] [6] [7] [8] [9] [10] They also impose a heavy economic burden on the society. 5, 11 An understanding of the pattern of SR-related SCIs is necessary to identify the risk groups in terms of age, gender, type of sports and recreation, and mechanism of injury to improve prevention. Numerous studies have shown the features of SR-related SCIs [2] [3] [4] [6] [7] [8] [11] [12] [13] [14] [15] and proposed measures for their prevention. [14] [15] [16] In China, however, SR-related SCIs did not receive sufficient attention. A study of SR-related SCIs was undertaken to provide basic demographic and medical information, mechanism of injuries and neurological outcome. It is hoped that it might help in further research and prevention.
Methods
This retrospective study describes SR-related SCIs that were referred to six institutions (see below). The inclusion criteria are as follows: admission between 1st January 1993 and 31st
December 2006, and injuries of the vertebral column with spinal-cord lesions resulting from sports and recreation. Types of sports and recreation included water sports, gymnastics, ball game, casual game, dancing, acrobatics, high jump, snow skiing and tug-of-war. The following data were retrieved from the medical records for analysis: age at the time of injury, gender, type of injury, predisposing factors, mechanism of injuries and outcome. Statistical analyses were carried out using Statistical Package for the Social Science, version 11.5. Fisher's exact probability test was used for analyzing statistical significance.
Results
In this study, 57 cases with SR-related SCIs were included from six main institutions that specialize in SCI treatment and rehabilitation in Beijing. Of the 57 cases, 26 were from the China Rehabilitation Research Centre, 21 from the Beijing Army General Hospital, 5 from the China PLA General Hospital, 3 from the China PLA 304 Hospital and 1 each from the Peking University Third Hospital and the Beijing Rehabilitation Centre. Of the 57 patients, 37 were involved in water sports accidents (64.9%) and 20 in other accidents (35.1%).
Age at injury
The age of patients ranged from 5 to 58 years, with a mean of 24.49. (s.d. 11.9) years. The youngest was injured in a dancing accident, whereas the oldest fell during snow skiing (Table 1) .
Gender
In all, 44 (77.2%) males and 13 (22.8%) females were involved in the injuries.
Types of sports and recreation
In water sports (Table 2) , injuries because of diving in a public swimming pool was as high as 34 (59.6%), injuries because of a collision between floatplanes and falling from the bank of the swimming pool, and as a result, hitting the wall of the pool occurred in one each.
Neurological deficit
The ASIA Impairment Scale (AIS) was as follows: A 32 (56.1%), B 19 (33.3%), C 5 (8.8%) and D 1 (1.8%). The ratio of complete to incomplete injuries was 1.2:1. The level of neurological lesion is presented in Table 3 . Cervical cord was the main location of injury, accounting for 89.5% of the series, whereas C4 was the most common level (45.6%). Thoracic cord injury was seen in 6 (10.5%) patients.
Sports type against level of Neurological lesion
Of the 34 diving injuries, 33 (89.2%) occurred at the C4-C7 level. Gymnastics and acrobatics also tend to cause cervical cord injuries. By contrast, dancing was associated with T9-12 cord injuries (Table 3) . 1993  0  1994  2  1995  7  1996  0  1997  2  1998  6  1999  9  2000  8  2001  5  2002  1  2003  5  2004  4  2005  3  2006  5 Total 57
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Change of causes and quantity with time Neurological outcome during hospitalization Two patients (3.5%) with AIS A died in the emergency department, of whom one was a female with an injury at the C2 level resulting from a collision between floatplanes and the other was a young man with an injury at the C3 level, who fell head down from a high horizontal bar during dismount. In all, 2 out of the 19 patients with AIS B improved to AIS C, 2 out of 5 improved from AIS C to AIS D and only 1 improved from AIS D to AIS E. No deterioration was observed among the survivors. Of the 54 survivors who remained paralysed, 48 (89%) patients were tetraplegic and 6 (11%) were paraplegic. The mechanism of injury varied with the type of sports and recreation. Almost all of them related to a lack of safety awareness, safety regulations and their implementation.
Diving head down into the shallow water of a public pool with depth markers was the most common mechanism in swimming accidents. Of the 36 swimming injuries, 34 (94%) dived into shallow water and the head struck the bottom of the pool. No one had taken drugs, although five had consumed alcohol before diving.
Falling head down from a high horizontal bar and vault was the main cause for gymnastics accidents, and an unfamiliar technique and lack of concentration were the contributory factors. In the five gymnastics accidents, four of the patients were students in secondary school and the fifth was a professional athlete. Of these five patients, two were males and three were females. A male gymnast was injured because of an unfamiliar technique, and another from a lack of concentration soon after a nap. He fell head down from a high horizontal bar during dismount. Of the three females who fell from a vault during jumping, two were injured because of their poor techniques. Another professional athlete was injured because of distraction caused by shouting during jumping.
Of the four ball-game injuries, two basketball injuries were caused by a collision between two players using inappropriate techniques, both football and volleyball injuries were caused because of ruck and maul.
Ruck and maul was the main mechanism of casual play. For the three casual players, two fell from other players' shoulders, resulting in tetraplegia of C4 (one complete, another incomplete), whereas the third resulted in paraplegia of T8 from maul.
Two patients, while engaged in acrobatics, fell from the air and developed complete tetraplegia of C4. In accidents caused due to dancing, all three children were injured during spine extension and rotation, resulting in complete paraplegia of T9, T10 and T12, respectively. All three were spinal cord injuries without radiographic abnormality (SCIWORA).
Discussion
In Beijing, the annual incidence of SR-related SCI is low. According to a survey, it was 0.6 per million people and constituted only 1.1% of all spinal cord injuries in 2002. 18 The majority of SR-related SCIs were seen among young male adults. Cervical spinal cord was the main anatomical location of neurological deficit. Complete injuries were slightly more than incomplete ones. These characteristics were consistent with those reported in the literature. 2, 3, 7, 12, 19 The pattern of aetiology varies among countries. In the United States, 7.3% of spinal cord injuries are caused by sports accidents, of which football is the most common. 5 In
Germany, of 1016 reported traumatic spinal cord injuries, 147 (14.5%) resulted from sports accidents, of which 78 (7.7%) were from diving accidents. 12 In Japan, the majority of SR-related SCIs result from diving and gymnastics accidents, 6 and diving was the most common cause of spinal cord injury (21.6%) in a nationwide epidemiological survey. 7 This resembles the pattern of SR-related SCIs in this report. In Israel, air sport accidents are the main cause of SCI, probably because of intensive and extensive military activities in the region. 8 In Australia 10 and South Africa, 9 most of the spinal cord injuries result from the popular sports of the two countries, namely, Australian football and rugby. In Beijing, water sports were the most common cause of SR-related SCIs, followed by gymnastics and ball games. We failed to locate any case of casual play, dancing and acrobatics in other similar reports. Our observations of eight cases on these causes are too limited to draw any solid conclusion. These results may reflect the expansion of sports activities into unfamiliar territories in recent years in Beijing. Diving has been widely studied, and its frequency is high among water sports.
1,2,6,7 According to Barss 1 and Reid, 2 diving off a beach or pier, or diving head first into shallow areas at private swimming or public pools and striking the bottom was the most common mechanism of injury. An absence of depth indicators and a NO DIVING sign contributed to 74 and 89%, respectively, of reasons for SCI in diving accidents. 1 Apart from these two factors, alcohol abuse, an unfamiliar private pool, first-time diving, inadequate or lack of lighting were considered to be other important contributing factors. DeVivo's study of teen diving injuries showed that 49% of cases of severe spinal injuries had consumed alcohol, 44% took place on a first visit to a pool, 28% happened on the first dive into the pool and that there were no depth markers at 87% of the private pools where the accidents took place. 14 In sharp contrast to Barss 1 and De Vivo's 14 report, 94% of the swimming injuries in our study were inflicted at the shallow areas of public pools despite the existence of depth markers. It was impossible to accurately trace back whether there was a NO DIVING sign or sufficient lifeguard's attention in the pool complex, particularly in cases during the early years of the study. As there were clear depth markers in most of the pools in our study, we can only assume that the high incidence of diving accidents was probably because of a lack of these two factors. Education programs of safety remain sketchy in the Beijing region. It is of paramount importance to promote such programs and enforce safety regulations. As was true in other reports, 12, 19 gymnastics injury also shows a similar profile, which occurred mainly in children and teenagers and led to cervical spinal cord injury. However, gymnastics accounted for relatively few cases in our study. It indicates that good training for beginners and awareness among participants are important preventive measures. SCI from competitive contact sports is low in our survey. In South Africa, Australia and the United States of America, football, rugby and ice hockey pose the highest risk for SCI, 9,10,15-17 but they were rare in China. In line with other reports, tackle, scrum, ruck and maul were the most common causes of injury in ball games. [15] [16] [17] Casual play, dancing and acrobatics also led to SCI, but they were less frequent. In contrast to the characteristics of water sports, gymnastics and acrobatics injuries, accidents caused by dancing mainly lead to thoracic cord injuries in little girls. The possible mechanism was thoracic spinal cord extension and rotation.
SR-related SCI is devastating and costly. Numerous preventive programs, such as warning signs, TV commercials, posters, 12 Think First Campaign 20 and rule changes to eliminate spearing, facing tackling and scrum, 15, 16 have been designed and practiced to reduce the incidence of SR-related SCI with some positive results. 15, 16, 20 The recommended preventive measures include promoting public educational program of awareness of safety, improving equipment standards, teaching fundamental techniques, training inexperienced beginners, enforcing existing rules and encouraging coordination between players in team sports. In summary, SR-related SCI was most commonly seen among young male adults, predominantly as a result of diving accidents. Sports activities have expanded into other less-familiar territories in the period of 2000-2006 because of the development of economy and a change in lifestyle. This has caused the number of other sports accidents to increase. During the same period, swimming accidents decreased, probably because of improved safety awareness. In recent years, successful prevention programs of other countries are being adopted in Beijing, hence an improvement in safety is expected in the years to come.
